ABSTRACT
Introduction
One of the unique ESA Herschel Space Observatory (Pilbratt et al. 2010) science fields is the observation of thermal lines of interstellar water and other hydrides. Hydrides have small reduced masses, so their rotational lines lie at short submillimeter wavelengths, which are almost unobservable from the ground (Phillips & Vastel 2003) . Early results from the first months of observations show the scientific potential of these studies (e.g. van der Tak et al. 2010 , for water in a massive starforming region). Interestingly, these early results also revealed the water cation H 2 O + , which was seen by Herschel for the first time, as an abundant ingredient of the interstellar medium (Ossenkopf et al. 2010; Gerin et al. 2010 ). The ortho groundstate line of H 2 O + was even detected in external galaxies and found to be stronger than the para ground-state water line (Weiss et al. 2010 ; Van der Werf et al. 2010) . These early results indicate that H 2 O + originates mainly from low-density gas of diffuse interstellar clouds.
Within the "Water in star-forming regions with Herschel (WISH)" (Van Dishoeck et al. 2010 The system temperatures for our data were around 350 K. Integration time was 601s. Calibration of the raw data onto T A scale was performed by the in-orbit system (Roelfsema et al 2010) ; the conversion to T MB was done with a beam efficiency of 0.7. The Herschel full-beam-at-half-maximum at this frequency was assumed to be the theoretical one (20"). Currently, the flux scale is accurate to 5%. An rms of 90 mK has been reached.
Observations and data reduction
Data calibration was performed in the Herschel Interactive Processing Environment (HIPE) version 2.8. The velocity uncertainty in the current version of the pipeline is up to 2 km s −1 , depending on target direction and observation epoch. Further analysis was done within the CLASS package. After inspection, the data from the two polarizations were averaged together. The continuum level in the data was divided by 2, because the original calibration was done for the line emission originating from only one receiver sideband.
Results
In Fig. 1 the DSB WBS spectrum towards G34.26+0.15 is shown as a typical example for the data that are analyzed in this study. H 2 O + is detected in all sources except NGC7538 IRS1 and in all cases seen in absorption, similar to the previous detections (Ossenkopf et al. 2010; Gerin et al. 2010 ). H 2 O and H 18 2 O on the other hand show in many cases both absorption and emission line components. Many sources show several velocity components owing to absorption from diffuse clouds from different spiral arms on the lines of sight (LOS), which complicates the interpretation of the H 2 O + spectra because of its complex hyperfine structure (HFS, see Strahan et al. 1986; Mürtz et al. 1998 , for details). Several sources show saturated H 2 O absorption down to the 0 K level (e.g. Figs. 1-3), demonstrating that the continuum level in the spectra is measured reliably and that the sideband gain ratio is 1. This is especially important because most of the analysis is based on the detected absorption features for which the line-to-continuum ratio is the relevant observing parameter. Most of the sources show broad wing emission (∆V > 10 km s −1 ) as an indication of powerful outflows, in H 2 O mostly seen in emission, while in H 2 O + outflows are detected as broad (due to the blended HFS) blueshifted absorption features in front of the strong dust continuum emission.
Analysis
Because all lines for a given source are observed simultaneously in the DSB spectra, they will only have a small relative error in their intensities and velocities independent of the calibration. Here, the rest frequencies from Mürtz et al. (1998) Fig. 3 . Same as Fig. 2 for W51N E1.
The input parameters for the fits are the excitation temperature, column density, source size, source velocity and velocity width. For the absorption components, a background brightness temperature of 15-25 K was derived from the measured continuum temperatures assuming source sizes as given in Table 2 . The H 2 O absorption components with high velocity offsets, which are likely diffuse LOS clouds, were fitted with an excitation temperature of 2.7 K. However, the diffuse Galactic background radiation might increase the excitation temperatures of the submillimeter lines to values of about 5 K. For absorption components that are likely associated with the massive SFRs we used a fixed value of 5 K, which is clearly below the background temperature, to get an absorption in the fit. However, the corresponding column densities for temperatures below 10 K depend only weakly on the assumed T EX . For the emission components we used a fixed value of 50 K. The source size is assumed to be much bigger than the beam. Only for the 57.5 km s + by lowering its excitation temperature to 5 K. The physical parameters for each component were then fine-tuned to fit the observed H 2 O + spectra. In cases where the corresponding component was not detected in H 2 O + , the highest column density consistent with a non-detection was chosen to derive an upper limit. In a few cases, the observed H 2 O components were not sufficient to account for all the H 2 O + absorption. In Fig. 2 e.g. there is no indication of an H 2 O outflow component and the blue-shifted LOS absorptions are quite narrow, while the H 2 O + absorption is very broad, even considering its HFS, so that an additional blueshifted, broad "outflow" component (∆V > 10 km s −1 ) was added to reproduce the observed H 2 O + spectrum. . Similar results are obtained for other sources in our sample and will be discussed elsewhere and in the following section.
Discussion and conclusions
An overview of the fit results is shown in Fig. 4 , in which we plot for each velocity component the corresponding H 2 O and H 2 O + column densities. Some of the lower column densities are upper limits while some of the high H 2 O column densities are lower limits because of the saturation in the H 2 O absorption lines. In these cases the true column density, estimated from the observed H Figure 4 shows that compared to the properties of diffuse clouds (see also Gerin et al. 2010; Ossenkopf et al. 2010 ; Weiss et al. After the first indication that H 2 O + is present in the outflow of DR21 (Ossenkopf et al. 2010) , it is clearly detected here in several outflows. Some outflows are even more prominent in H 2 O + than in H 2 O (e.g. outflow components above the diffuse cloud region of Fig. 4) , although in some cases it is difficult to disentangle the blueshifted outflow and spiral arm absorption.
In Fig. 4 Neufeld et al. (2002) . Hence the H 2 O/H 2 O + ratio might be useful for the classification of absorption components.
A key result from our observation of a quite significant sample is that H 2 O + is always seen in absorption, even when originating from outflows or envelopes, in which water is seen in several cases in emission. This finding might point to the origin of H 2 O + from low-density environments, but alternatively, because H 2 O + is a highly reactive molecular ion that reacts rapidly with H 2 and electrons, inelastic collisions are very ineffective at exciting it into emission, regardless of the density.
The new detections of H 2 O + toward Galactic star-forming regions presented here together with the recent detection of OH + from the ground (Wyrowski et al. 2010 ) and from space (Gerin et al. 2010; Benz et al. 2010; Bruderer et al. 2010 ) are an important confirmation of the gas-phase route to water. + /H 2 O ratio observed in the diffuse components implies that the first channel is faster than the second. In gas where all hydrogen is in molecular form, the electron fraction is 10 −4 at most when all carbon is ionized, which is not enough to make recombination faster than the reaction with H 2 . Our observations therefore imply that a significant fraction of the hydrogen in the outflows is in atomic form. The same conclusion applies to diffuse clouds, where UV radiation causes partial dissociation of H 2 (Gerin et al. 2010) , and also to AGN, where X-rays are responsible (Van der Werf et al. 2010 
